PATENT ABSTRACTS OF JAPAN 

(11 Publication number : 05-346668 
(43)Date of publication of application : 27.12.1993 



(51)Int.CI. G03F 7/039 

G03F 7/004 
G03F 7/027 
H01L 21/027 

t : ,. : : _. 

(21) Application number : 04-156818 (71 Applicant : FUJITSU LTD 

(22) Date of filing : 16.06.1992 (72)Inventor : NOZAKI KOJI 

TAKECHI SATOSHI 
KAIMOTO HIROKO 

i 

(54) RESIST COMPOSITION AND PATTERN FORMING METHOD USING IT 

(57)Abstract: 

PURPOSE: To provide a radiation resist compsn. having high sensitivity 
and dry etching resistance by incorporating a copolymer containing 3- 
oxocyclohexyl acrylate or methacrylate monomers as the repeating unit. 
CONSTITUTION: This radiation resist compsn. contains a copolymer 
expressed by formula having 3-oxocyclohexyl acrylate or methacrylate 
monomer unit, and preferably, other acrylate or methacrylate monomer 
unit as the repeating unit. In formula, R and R' are H or CH3 and R" is an 
org. acid. If this compsn. is prepared to obtain a resist material, R" is 
preferably an alicyclic org. group, for example, admantyl group, norbonyl 
group, or cyclohexyl group in order to obtain small absorption in a short 
wavelength region and high dry etching durability. The weight average 
mol.wt. of this copolymer is preferably 2000 to 3000000. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The copolymer characterized by including the acrylic-acid or methacrylic-acid 3-oxocyclohexyl 
monomer expressed with the following general formula as one of the repeating units. 
[Formula 1] 
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[Claim 2] 1 0-90 mol % and [Formula 2] of repeating units of the acrylic acid expressed with the following general 
formula, or a methacrylic-acid 3-oxocyclohexyl monomer 
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-CHj - C - 




(5C*©RliHXliCH3 ) 

It consists of other acrylic-acids [ which are expressed with the following general formula ], or 90-10 mol % of 
repeating units of a methacrylic ester monomer, and is [Formula 3]. 
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The copolymer according to claim 1 characterized by weight average molecular weight being 2,000-3,000,000. 
[Claim 3] The copolymer according to claim 2 characterized by an acrylic acid besides the above or R " of 
organic radicals of methacrylic ester being an alicyclic organic radical. 

[Claim 4] The radiation resist constituent characterized by including a copolymer according to claim 1, 2, or 3 
and the compound which generates an acid by the exposure of a radiation. 

[Claim 5] The pattern formation approach characterized by applying a constituent according to claim 4 on a 
substrate, forming the resist film, irradiating a radiation only to the field to which this film was chosen, again 
subsequently, developing negatives with an alkaline developer, and forming a resist pattern. [ this, ] 



[Claim 6] Acrylic-acid or methacrylic-acid 3-oxocyclohexyl which has the following structure expression, 
[formula 4] 
R 



H 2 C = C-C-0 
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[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the formation approach of the detailed pattern which uses 
radiation sensitive material and this ingredient. 

[0002] In recent years, densification progresses, as for the semiconductor integrated circuit, the large-scale 
integrated circuit (LSI) and the very large-scale integrated circuit (VLSI) are put in practical use, and the 
minimum line width of the circuit pattern in these has attained to submicron order along with it. The ultraviolet- 
rays wavelength of the exposure light source is made for that to shift to a shorter wavelength field in the 
lithography field as a solution [ as opposed to / it is indispensable to establish the ultra-fine processing 
technology which can realize a detailed pattern, and / this demand ]. In connection with this, also about the 
resist ingredient, there is more little absorption of light in a short wavelength field, and development of the 
ingredient having high sensitivity and high dry etching resistance serves as pressing need. 
[0003] 

[Description of the Prior Art] In the technical field of semiconductor device manufacture, current and a 
chemistry magnification mold resist attract attention as a next-generation photoresist. The fundamental concept 
of a chemistry magnification mold resist be a constituent which consist of base polymers which it have the 
compound (an "acid generator" be call below in this specification) which generate an acid by the exposure of 
radiations, such as light and an electron ray, and the protective group from which it be desorb with the produced 
acid, and a polarity change a lot by change of the chemical structure by deprotection, therefore serve as 
fusibility at an alkali water solution. 

[0004] Ito and others of U.S. IBM has presented the copolymer which makes main constituents Pori (p- 
hydroxystyrene) formed into t-buthoxycarbonyloxy, Pori (t-butyl methacrylate), or these as a base polymer 
which serves as fusibility with an acid at an alkali water solution (U.S. Pat. No. 4491628 specification). 
[0005] As a compound with the protective group from which it may be easily desorbed with an acid applicable to 
the chemistry magnification mold resist other than these, the methacrylic ester which introduced alpha and 
alpha-dimethylbenzyl radical as a protective group, the thing which made the tetrahydropyranyl group the 
protective group of the hydroxyl group of a polyvinyl phenol or the methacrylic ester which introduced the 
tetrahydropyranyl group as a protective group, etc. is known. These use the stability of the instability to the acid 
of an acetal, and the benzyl cation at the time of desorption. 
[0006] 

[Problem(s) to be Solved by the Invention] Although the exposure light source is going to short wavelength as 
mentioned above as the demand of detailed pattern implementation with a semiconductor device becomes 
strong, a resist ingredient The resist ingredient was used by shifting the absorption region of the resist 
ingredient proper in the short wavelength region which uses g line used conventionally until now and the thing for 
i line exposure, reforming them so that it can respond to short wave Nagamitsu, such as excimer laser light, 
having made it into transparence seemingly. 

[0007] It is required for a chemistry magnification mold resist ingredient besides transparency that it is high 
sensitivity, that dry etching resistance should be high, etc. However, the chemistry magnification mold resist 
ingredient for micro processing which has these properties with a sufficient degree is not yet realized. 
[0008] For example, by the polymer which has t-butyl as a protective group, by the polymer which there is a 
problem that the sensibility of a polymer will fall since the desorption capacity of this protective group is low, 
and has a tetrahydropyranyl group as a protective group, since the inclination from which it is desorbed gradually 
was while this protective group saves in ordinary temperature, the problem of being scarce was in preservation 
stability. 

[0009] Furthermore, although the transparency over the light of a short wavelength field is good, while a resist 
ingredient, for example like Pori (t-butyl methacrylate) has inadequate dry etching resistance, although it is good, 
since a resist ingredient, for example like Pori (t-buthoxycarbonyloxy styrene) has an aromatic series ring, its 
absorption of light of the wavelength field of the source of short wave Nagamitsu which it is going to use is too 



strong, and is not conversely desirable [ an ingredient ]. [ of dry etching resistance ] 

[0010] the high sensitivity which can use this invention in favor of formation of the detailed pattern by the 
exposure of the shortwave-radiation line used by manufacture of a semiconductor device — and dry-etching 
resistance is high and aims at offering the radiation resist constituent which comes to contain the copolymer 
which can be used as a transparent chemistry magnification mold resist ingredient to an exposure radiation , and 
this copolymer and the compound which generates an acid by the exposure of a radiation . Furthermore, this 
invention offers the formation approach of the detailed pattern which uses this radiation resist constituent. 
[0011] 

[Means for Solving the Problem] The copolymer of this invention is characterized by including the acrylic-acid or 

methacrylic-acid 3-oxocyclohexyl monomer expressed with the following general formula as one of the repeating 

units. 

[0012] 

[Formula 5] 
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(R expresses H or CH3 among a formula.) This repeating unit has the oxocyclohexyl radical which can carry out 
deprotection to an acid list according to an alkali catalyst as a protective group so that clearly from the above- 
mentioned formula. 

[0013] The copolymer of this invention has other desirable acrylic acids or methacrylic ester monomeric units as 
repeating units other than the above-mentioned acrylic acid or a methacrylic-acid 3-oxocyclohexyl monomeric 
unit. The copolymer of this desirable this invention can be expressed with the following general formula. 
[0014] 
[Formula 6] 
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[0015] R and R' in an upper type is H or CH3 independently. It expresses and R " of organic radicals is 
expressed. 

[0016] Although especially limitation is not carried out, when using the copolymer of this invention as a resist 
ingredient by making far-ultraviolet light of short wavelength like a KrF excimer laser (wavelength of 248nm) into 
the exposure light source, the organic radical which does not contain an aromatic series ring in that the 
transparency in such a short wavelength field is secured is suitable for a R-" organic radical. But since dry 
etching resistance is scarce although the transparency in a short wavelength field is secured when R " is the 
alkyl group of a straight chain, the copolymer whose R " is an alkyl group is not so desirable as a resist 
ingredient. 

[0017] When aiming at a resist ingredient, since [ desirable ] high dry etching resistance can also be acquired 
while there is little absorption of light of a short wavelength field, R" of alicyclic organic radicals is suitable as a 
radical. If the example of the organic radical recommended is given in un-limiting, a carbon atomic number will be 
a thing like polycyclic nature alicyclic radicals, such as three or more cycloparaffine radicals, for example, an 
adamanthyl radical, and a norbornyl group, and monocycle nature alicyclic radicals, such as a cyclohexyl radical. 
[0018] m in an upper type expresses 10-90-mol % and an integer which is preferably made into 30-50-mol % for 
the amount of the repeating unit (repeating unit A) of the acrylic acid in a copolymer, or a methacrylic-acid 3- 
oxocyclohexyl monomer, and n expresses 90-10-mol % and an integer which is preferably made into 50-70-mol % 
for the amount of other acrylic acids in a copolymer, or the repeating unit (repeating unit B) of a methacrylic 
ester monomer. Less than [ 10 mol % ], when the amount of repeating unit A uses this copolymer as a resist 
ingredient, it becomes inadequate [ sensibility ], and if 90-mol % is exceeded, in order that the amount of 
repeating unit B may decrease relatively, desired dry etching resistance is no longer acquired. On the contrary, if 



the amount of repeating unit B is less than ten-mol %, dry etching resistance will become inadequate, and if it 
exceeds 90-mol %, the sensibility of a resist ingredient runs short. 

[0019] The weight average molecular weight of the copolymer of this invention is 2,000-3,000,000 preferably. 
Since glass transition temperature becomes 50 degrees C or less, and viscosity will become high if it is lacking in 
thermal resistance and 3,000,000 is exceeded, a copolymer stops being suitable for using as a resist ingredient in 
less than 2,000 weight average molecular weight. The more desirable weight average molecular weight of a 
copolymer is 5,000-1,000,000. 

[0020] Thus, the desirable copolymer of this invention is a copolymer which consists of 10-90 mol % of repeating 
units of an acrylic-acid or methacrylic-acid 3-oxocyclohexyl monomer, and other acrylic-acids or 90-10 mol % of 
repeating units of a methacrylic ester monomer, and is characterized by the weight average molecular weight 
being 2,000-3,000,000. 

[0021] The copolymer of this invention can be easily prepared by carrying out copolymerization of an acrylic- 
acid or methacrylic-acid 3-oxocyclohexyl monomer, and another, suitable monomer, for example, other acrylic 
acids, or the thing like methacrylic ester by the usual approach of arbitration. 

[0022] Acrylic-acid or methacrylic-acid 3-oxocyclohexyl which is the main constituent of the copolymer of this 
invention and which is expressed with the following general formula is a new compound which is not known until 
now, as far as artificers get to know. 



(R in a formula expresses H or CH3.) 

[0024] This acrylic acid or a methacrylic ester compound is equipped with the good polymerization property like 
conventional acrylic ester or methacrylic ester, and can also give easily a copolymer with the monomer which 
has radical polymerization nature, such as other methacrylic ester, acrylic ester, or styrene, not to mention a 
homopolymer. Furthermore, an acrylic acid or a methacrylic acid 3 - The oxocyclohexyl homopolymer has a 
different property from the homopolymer of other acrylic ester or methacrylic ester, and is interesting. Probably, 
it will be useful also as a functional polymer of fields, such as physic and agricultural chemicals, besides the field 
of a photosensitive ingredient, using an optical material as the start, since there are the above properties in the 
polymer which makes main constituents acrylic-acid or methacrylic-acid 3-oxocyclohexyl. 
[0025] It can prepare the acrylic acid of this invention, or methacrylic-acid 3-oxocyclohexyl by the synthetic 
approach of common knowledge of arbitration. For example, it can prepare methacrylic-acid 3-oxocyclohexyl 
easily by four steps of the approaches of illustrating next. 

[0026] 1) Compound 1 and 3-cyclohexane JIORUMONO tetrahydropyranyl ether from 1 and 3-cyclohexane diol 
and a dihydropyran. 

2) Compound methacrylic-acid 3-tetrahydropyranyloxy cyclohexyl from compound 1 and 3-cyclohexane 
JIORUMONO tetrahydropyranyl ether and methacrylic-acid chloride. 

3) It is desorbed from the tetrahydropyranyl group of compound methacrylic-acid 3-tetrahydropyranyloxy 
cyclohexyl to a protective group, and prepare methacrylic-acid 3-hydroxy cyclohexyl. 

4) Obtain methacrylic-acid 3-oxocyclohexyl by the reaction of the methacrylic-acid 3-hydroxy cyclohexyl and 
the pyridinium JIKURO mate who prepared. 

[0027] The method of preparing methacrylic-acid 3-oxocyclohexyl in these four steps is explained in more detail 
by the below-mentioned example. Acrylic acid 3 - It is possible to prepare easily by the same technique also in 
an oxocyclohexyl case. 

[0028] This invention consists of 10-90 mol % of repeating units of an acrylic-acid or methacrylic-acid 3- 
oxocyclohexyl monomer, and other acrylic-acids or 90-10 mol % of repeating units of a methacrylic ester 
monomer again, and the radiation resist constituent characterized by including the desirable copolymer of this 
invention whose weight average molecular weight is 2,000-3,000,000, and the compound (acid generator) which 
generates an acid by the exposure of a radiation is offered. 

[0029] It is also possible to use which compound currently generally used as an acid generator with the usual 
chemistry magnification mold resist constituent as an acid generator in the radiation resist constituent of this 
invention. Although those acid generators are hung up over a degree and it is illustrated, needless to say, an acid 
generator is not limited to these things. 
[0030] - Triarylsulfonium salt. For example, [Formula 8] 



[0023] 
[Formula 7] 
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[0031] - Diaryl iodide salt. For example, [Formula 9] 
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[0032] - Sulfonate. For example, [Formula 10] 
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[0033] - Halogenide. For example, [Formula 11] 
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[0034] The amount of an acid generator required for the radiation resist constituent of this invention varies with 
the conditions of the type of the copolymer and acid generator which constitute a constituent etc. If acid 
generators are insufficient, since an expected reaction cannot fully be attained, it is inconvenient, and since it 
may have a bad influence on the resist film when many [ too ], it is not desirable. Speaking generally, the suitable 
amount of an acid generator being 0.1 - 30 weight section extent to the copolymer 100 weight section. The 
amount of acid generators optimal for each constituent can be easily decided by experiment. 
[0035] In order to form a resist pattern using the constituent of this invention, a resist constituent is applied on 
a substrate, and this, and subsequently again, and negatives are developed with an alkaline developer, and a 
resist pattern is formed. [ the resist film is formed, and a radiation is irradiated only to the field to which this film 
was chosen, and ] 
[0036] 

[Function] The acrylic acid or methacrylic acid 3 which constitutes the copolymer of this invention - An 
oxocyclohexyl repeating unit has the 3-oxocyclohexyl radical which can carry out deprotection to an acid list 
according to an alkali catalyst as a protective group, therefore deprotection is carried out from an acid, and it 



• becomes a carboxylic acid. This deprotection reaction occurs more easily than the case where t-butyl is a 
protective group. Furthermore, since this repeating unit does not have an aromatic series ring, it does not have 
short wave Nagamitsu's absorption, and it is transparent. If what was excellent in dry etching resistance as a 
monomer of other repeating units of a copolymer is used, this will give sufficient dry etching resistance for a 
copolymer. 

[0037] In the resist constituent of this invention, an acid generator generates an acid by exposure to a radiation. 
The produced acid serves as a catalyst and the next reaction occurs in the exposure section with heating. 
[0038] 

[Formula 12] 
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[0039] As shown in the above-mentioned reaction formula, the functional group from which it is desorbed easily 
is introduced into the ester section with the acid, and since this reaction is a magnification mold which 
reproduces proton acid at the time of desorption, sensibility of a resist constituent is made high at one repeating 
unit of the copolymer which is the base polymer of this resist constituent. 

[0040] The carboxylic acid generated in the exposure section changes the polarity of a copolymer, makes this 
exposure section fusibility at the developer of an alkaline water solution, and enables formation of a pattern 
without swelling. 
[0041] 

[Example] Next, an example explains this invention further. 

[0042] an example 1 — in this example, it compounds methacrylic-acid 3-oxocyclohexyl in four steps. 
[0043] 1) Pyridinium p-toluene sulfonate (25g (207mmol) 1 and 3-cyclohexane diol, dihydro19.18g (228mmol) 
pyran, 80ml [ of methylene chlorides, and tetrahydrofuran 80ml and 260mg Omicromol)) was put into the 
eggplant mold flask of 500ml of preparation of 1 and 3-cyclohexane JIORUMONO tetrahydropyranyl ether, and 
the stirrer bar by which coating was carried out by polytetrafluoroethylene (PTFE) was put in, it stirred at the 
room temperature for 20 hours, and the formula hung up over a degree be made to react. 
[0044] 

[Formula 13] 
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[0045] Subsequently, the solvent was removed under reduced pressure by the rotary evaporator, and the 
residual reaction solution was opened in the separating funnel, and it washed in the rare potassium- 
hydrogencarbonate water solution. 1:1 mixed solvents of the ether and ethyl acetate extracted the water layer, 
and the separated extract was washed with saturation brine together with the oil reservoir of a basis. The oil 
reservoir solution was dried with anhydrous sodium sulfate after separation, and the parts by which removed 
under reduced pressure of a solvent the back according to **, and refined the residue with the silica gel column 
chromatography, and elution was carried out by the ethyl acetate/hexane of 32 / 68 - 64/36 were collected. 



[0046] The yield of 1 and 3-cyclohexane JIORUMONO tetrahydropyranyl ether collected as a viscous 
transparent and colorless high liquid was 10.46g (25.2%). Moreover, the result (KBr, neatness, cm-1) of the 
infrared spectroscopic analysis of this compound was as follows. 

3401 (s), 2938, 2862, 1453, 1353, 1134, 1118, 1077 and 1023 (s), 868,812 [0047] 2) preparation of methacrylic- 
acid 3-tetrahydropyranyloxy cyclohexyl — enough — to the dried 500ml three-neck flask The Dimroth 
condenser which attached calcium chloride tubing, a rubber septum, and nitrogen installation tubing are attached. 
10.20g (50.9mmol) 1, 3-cyclohexane JIORUMONO tetrahydropyranyl ether, Having put in the 60ml anhydrous 
tetrahydrofuran, and putting in and stirring the stirrer bar by which PTFE coating was carried out, n-butyl lithium 
(43.7ml, 1mmol, 1.4M hexane solution) was slowly dropped from the syringe, and it stirred at the room 
temperature for 1 hour. Subsequently, 4.84g (46.3mmol) methacrylic-acid chloride was slowly dropped from the 
syringe. It stirred at the room temperature after dropping for 2 hours, then, it stirred at 80 degrees C for 1 hour, 
and the following formula was made to react. 
[0048] 

[Formula 14] 
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[0049] The reaction solution was cooled radiationally to the room temperature, 100ml water was added, and it 
stirred violently for 30 minutes. Subsequently, the solution was opened in the 500ml separating funnel, and the 
oil reservoir was washed from the water layer with new water after separation. The water layer separated after 
this washing was extracted 3 times by diethylether, the separated extract was made together with the oil 
reservoir of a basis, and it washed with saturation brine. The oil reservoir solution was dried with anhydrous 
sodium sulfate after separation, and the parts by which removed under reduced pressure of a solvent the back 
according to **, refined the residue with the silica gel column chromatography, and elution was carried out by 
the ethyl acetate/hexane of 4 / 96 - 16/84 were collected. 

[0050] 8.84g (64.7%) methacrylic-acid 3-tetrahydropyranyloxy cyclohexyl was obtained as a liquid of light yellow. 
[0051] 3) 8.84g (32.9mmol) methacrylic-acid 3-tetrahydropyranyloxy cyclohexyl, a 10ml methanol, and 0.5ml 2 
convention hydrochloric acid are put into the eggplant mold flask of 100ml of preparation of methacrylic-acid 3- 
hydroxy cyclohexyl, the stirrer bar by which PTFE coating was carried out was put in, it stirred at 50 degrees C, 
and the bottom type was made to react. 
[0052] 

[Formula 15] 
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[0053] 2 hours after, with thin-layer chromatography, it checked that the raw material had disappeared and 
cooled radiationally to the room temperature. The reaction solution was opened in the 200ml separating funnel, 
and the oil reservoir was separated from the water layer. The water layer was extracted 3 times by diethylether, 
the extract was washed in the rare potassium-hydrogencarbonate water solution together with the oil reservoir 
of a basis, and, subsequently it washed with saturation brine. The diethylether extract was dried with anhydrous 
sodium sulfate after separation. Next, the solid-state sodium sulfate was carried out the ** exception, it 
removed from the filtrate under reduced pressure of a solvent, and the parts by which refined the residue with 
the silica gel column chromatography, and elution was carried out by the ethyl acetate/hexane of 24 / 76 - 
48/52 were collected. 

[0054] For the result (KBr, neatness, cm-1) of 5.73g (94.4%) and the infrared spectroscopic analysis of those, the 
yield of the obtained methacrylic-acid 3-hydroxy cyclohexyl was as follows. 

3415 (s), 2943, 2865 and 1717 (s), 1637, 1453, 1326, 1297 and 1175 (s), 985,816 [0055] 4) Methacrylic acid 3 - 
5.73g (31.1mmol) methacrylic-acid 3-hydroxy cyclohexyl, 30ml anhydrous salt-ized methylene, and 5g 4A 
molecular sieve were put into the 200ml eggplant mold flask dried in oxocyclohexyl manufacture 10 minutes, and 
the stirrer bar by which PTFE coating was carried out was put in and stirred. The above-mentioned molecular 
sieve was mashed beforehand, was heated with the 400-degree C electric furnace for 8 hours, and carried out 
reduced pressure drying in the desiccator, next, a 35.10g (93.3mmol) pyridinium JIKURO mate (PDC) — in 
addition, subsequently it stirred violently at 50 degrees C for 1 hour, and the bottom type was made to react to 
the bottom of nitrogen-gas-atmosphere mind at a room temperature for 2 hours 
[0056] 

[Formula 16] 
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[0057] Reaction termination was checked with thin-layer chromatography, the reaction solution was cooled 
radiationally to the room temperature, and, subsequently filtration under reduced pressure was carried out using 
cerite. Then, cerite was fully washed by diethylether, the washing back was made together with a filtrate, and the 
solvent was removed from this mixed liquor under reduced pressure. Next, the parts by which refined the residue 
with the silica gel column chromatography, and elution was carried out by the ethyl acetate/hexane of 10 / 90 - 
40/60 were collected. 

[0058] Obtained methacrylic-acid 3-oxocyclohexyl was a transparent and colorless liquid, and the yield was 
4.61 g (81.4%). The result (KBr, neatness, cm-1) of the infrared spectroscopic analysis of this compound was as 
being shown below. 

2957,1 71 8(s),1 687(m),1 637,1 454,1 31 5,1 294,1 1 65(s),1 086,1 021 (w),940(w) 



The peak of 1718cm-1 originates in the carbonyl group of ester among this IR data, and the peak of 1687cm-1 
originates in the carbonyl group of a ketone, and the peak of 1 637cm- 1 originates in conjugated double bond. 
[0059] Moreover, this compound 1H NMR (200MHz) and 13C The spectrum chart of NMR (50MHz) is shown in 
drawin g 1 and drawin g 2 , respectively. 1 H 5.33 ppm among NMR data A peak is 3. - It originates in the 
oxocyclohexyl methyl proton of the 1st place, and they are 2.68 and 2.55 ppm. Two double doublets originate in 
the methyl proton of the 2nd place. Moreover, 13C 208.2 ppm among NMR data A peak originates in the carbonyl 
carbon of a ketone and a 166.1 ppm peak originates in the carbonyl carbon of ester. 
[0060] an example 2 — this example explains manufacture of the copolymer of methacrylic-acid 3- 
oxocyclohexyl and methacrylic-acid adamanthyl. 

[0061] The stirrer bar by which PTFE coating was carried out to 2g (1 1mmol) methacrylic-acid 3-oxocyclohexyl, 
1.52g (7.3mmol) methacrylic-acid adamanthyl, 9.2ml dioxane, and 150mg (91 5micromol) azobisisobutyronitril 
(azobisuisobutironitoriru) was put into the 50ml eggplant mold flask, and it stirred at 80 degrees C under 
nitrogen-gas-atmosphere mind for 6 hours. Next, this reaction solution was diluted with the tetrahydrofuran to 
about 30ml, and this diluted solution was dropped at the 11. methanol containing a small amount of hydroquinone, 
and precipitate was produced. Precipitate was carried out the ** exception with the glass filter, and was dried at 
O.lmmHg and 50 degrees C for 6 hours. An above-mentioned precipitate and ** exception and desiccation 
actuation were again repeated twice for the powder of the obtained white after dissolving in a tetrahydrofuran 
using the 11. methanol. The last desiccation was performed on O.lmmHg and 50-degree C conditions for 16 
hours. 

[0062] The yield of the compounded copolymer was 2.1 9g (62.2%), weight average molecular weight was 21,000, 
the degree of dispersion was 1.38, and the mole ratio of the oxocyclohexyl repeating unit in a copolymer and an 
adamanthyl repeating unit was 35:65. Moreover, the result (KRS-5, a film, cm-1) shown below was obtained from 
infrared spectroscopic analysis. 

291 3,2855,1 71 9,1 451 ,1 262,1 1 52(s),1 054,968(m),751 (m) 

[0063] the transmittance of the light in 248nm of the obtained copolymer was 88% (1 micrometer in a quartz 
substrate top, thickness), and was alike and high compared with 30% of transmittance of the phenol novolak resin 
used with the conventional resist constituent. 

[0064] The copolymer compounded in the example 3 example 2 was used as 1 3% of the weight of the 
cyclohexanone solution, 10% of the weight of triphenylsulfonium hexafluoroantimonate was added to this 
copolymer, and the resist constituent was prepared. 

[0065] Si02 which performed hexamethyldisilazane (HMDS) processing for this constituent The spin coat was 
carried out on the substrate, and the thin film with a thickness of 0.6 micrometers was formed. [ 60 degrees C ] 
[ for 20 minutes ] After exposing this thin film, and negatives were developed in 2.38% water solution of 
tetramethylammonium hydro oxide (TMAH). [ using the KrF excimer laser stepper (NA=0.45) ] [ 100 degrees C ] 
[ for 60 seconds ] 

[0066] This resist constituent is 40 mJ/cm2. 0.4-micrometer Rhine - and - tooth-space pattern were resolved 
with light exposure. Furthermore, 0.95/0.05 of CF4 / 02 When dry etching was carried out on condition that 
0.3torr and 300W using mixed gas, etching resistance equivalent to the Nagase positive resist 820 of Nagase& 
Co., Ltd. which is a novolak system resist was shown. 

[0067] Instead of the triphenylsulfonium hexafluoroantimonate of example 4 acid generator, the example 3 was 
repeated except for having used 20% of the weight of benzoin tosylate to the copolymer. 

[0068] The resist constituent in this example is 50 mJ/cm2. 0.4-micrometer Rhine - and - tooth-space pattern 

were resolved with light exposure. 

[0069] 

[Effect of the Invention] The copolymer of this invention has an acrylic-acid or methacrylic-acid 3- 
oxocyclohexyl monomeric unit as a repeating unit equipped with the protective group. This monomeric unit has 
little absorption of short wave Nagamitsu, such as an excimer laser used for exposure of a resist constituent. 
Since it can be more easily desorbed from the protective group which is transparent and is introduced into this 
unit with an acid compared with t-butyl to such short wave Nagamitsu, this copolymer becomes transparence to 
short wave Nagamitsu, and comes to have high sensibility to that short wave Nagamitsu. This copolymer can 
raise the dry etching resistance of the copolymer itself by using what has dry etching resistance high as a 
repeating unit of further others. 

[0070] Therefore, the resist constituent constituted combining the acid generator with a suitable effective dose 
in the copolymer of this invention becomes transparent to a shortwave radiation line like far-ultraviolet light, and 
the sensibility to it becomes high. Moreover, the chemistry magnification mold resist constituent of the high 
sensitivity having the transparency over a shortwave radiation line like far-ultraviolet light and high dry etching 
resistance is realizable by using what has dry etching resistance high as one of the constituents of a copolymer. 
[0071] Moreover, the resist constituent of this invention is a chemistry magnification mold as above-mentioned, 
and since an alkaline water solution is used as a developer, the detailed pattern which is not swollen in the case 



of development can be formed. 
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